ABSTRACT
16, p=0.03), and the mean maximum centre of gravity ratio differed at postoperative 3 months (2.43 vs. 1.75, p=0.02), whereas the mean step length, mean gait velocity, and mean single support phase values did not differ significantly between groups. Conclusion. After unilateral TKA, contralateral TKA may not be necessary in some patients whose gait has improved.
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Simultaneous bilateral total knee arthroplasty (TKA) for bilateral knee osteoarthritis (OA) decreases operating time and enables better recovery, with a complication rate comparable to that of sequential bilateral TKA. [1] [2] [3] Nonetheless, simultaneous bilateral TKA has a higher risk of serious cardiac complications, pulmonary complications, and mortality. 2, 4, 5 Functional recovery of the contralateral knee takes longer after sequential than simultaneous bilateral TKA. 10 In some patients with bilateral OA, the pain in the contralateral knee is decreased after unilateral TKA, and thus contralateral TKA is not necessary. Demographic factors (gender, age, weight, body mass index, and activity level) are not related to the need for subsequent contralateral TKA. 11 Gait change after unilateral TKA might affect the treatment course of the contralateral knee, in addition to the severity of OA and pain. Gait before and after TKA has been compared. [6] [7] [8] [9] This study compared gait parameters in women after unilateral total knee arthroplasty (TKA) versus sequential bilateral TKA to determine the need for sequential TKA.
Materials and Methods
The study was approved by the institutional review board; informed consent was obtained from each patient. Records of 35 women aged 60 to 74 (mean, 70) years with bilateral varus knee OA who underwent unilateral (n=23) or sequential bilateral (n=12) TKA by a single surgeon were reviewed. The Scorpio non-restrictive geometry posterior-stabilised system (Stryker, USA) or the ADVANCE knee system (Wright Medical, USA) was fixed with cement through the parapatellar approach, with the patella not resurfaced. All patients underwent unilateral TKA. Contralateral TKA was not necessary in 23 patients whose post-TKA gait improved (increase in the step length, gait velocity, and maximum centre of gravity ratio, decrease in the step width, and the single support phase value close to one). 12 patients underwent sequential TKA after 3 months of the first TKA.
The Hospital for Special Surgery (HSS) knee score was assessed before and after TKA. The severity of knee OA was assessed on radiographs using the Kellgren-Lawrence classification. Grade 0 is defined as no radiographic features of osteoarthritis, grade 1 as possible joint space narrowing and osteophyte formation, grade 2 as definite osteophyte formation with possible joint space narrowing, grade 3 as multiple osteophytes, definite joint space narrowing, sclerosis and possible bony deformity, and grade 4 as large osteophytes, marked joint space narrowing, severe sclerosis and definite bony deformity.
Gait was captured using 4 cameras. Reflective markers were placed on the skin over anatomic landmarks (both thighs, lateral femoral condyles, and lateral malleoli), and the patients walked barefoot on a floor pressure gauge of 40x5 cm (Nitta, Japan) without any supportive devices. The distance factors (step length and step width), gait velocity, and gait barycentric factors (single support phase value and the maximum centre of gravity ratio) were analysed before and after TKA, using a 3-dimensional motion analysis device (DITECT, Tokyo, Japan). To calculate the maximum centre of gravity ratio (the maximum on the vertical axis divided by the maximum on the horizontal axis), the barycentric transfer of each patient's gait was indicated on a figure-of-8 graph (Fig.) . Gait before and after TKA was compared using the paired t-test, and gait between patients with unilateral versus sequential bilateral TKA was compared using the independent samples t-test. 
results
OA of the contralateral knee was less severe in patients with unilateral TKA than with sequential bilateral TKA. The percentages of contralateral knees with Kellgren-Lawrence grade 2, grade 3, and grade 4 OA in the respective groups were 8.7%, 82.6%, and 8.7% versus 0%, 25%, and 75% (p<0.01).
In patients with unilateral TKA and sequential bilateral TKA respectively, the mean±standard deviation HSS knee scores were 61±9.7 and 52.5±7.5 (p<0.01) preopreatively, 87.2±7.5 and 55.5±6.3 (p<0.01) at 3 months, and 87.2±6.2 and 85.2±7.3 (p=0.43) at 6 months (3 months after contralateral TKA). The mean step widths were 12.9 and 19.1 (p<0.01) at one month and 11.9 and 16.0 (p=0.03) at 3 months. The mean maximum centre of gravity ratios were 2.43 and 1.75 (p=0.02) at 3 months. The mean step length, mean gait velocity, and mean single support phase values did not differ significantly between groups (Table) .
discussion
A decrease in step width and an increase in the maximum centre of gravity ratio may be related to improved gait and decreased pain in the contralateral knee. However, the changes in step width and maximum centre of gravity ratio may be due to leg length discrepancy secondary to the remnant varus deformity in the contralateral knee. In addition, changes in gait parameters may also be related to subsequent contralateral TKA, in addition to patient symptoms and OA grade.
The optimal timing for contralateral TKA varies, depending on the severity of OA and pain. Most patients with moderate to severe OA and pain in the contralateral knee subsequently undergo contralateral TKA, whereas patients with mild or no OA symptoms are less likely to undergo contralateral TKA. After TKA, both gait improvement 12, 13 and persistent gait impairment 14, 15 have been reported. Patients with the quadriceps-to-hamstring ratio close to one can walk with a more symmetrical gait pattern, and a balanced hamstring-to-quadriceps mechanism is needed to achieve a normal gait.
conclusion
After unilateral TKA, contralateral TKA may not be necessary in some patients whose gait has improved on objective assessment criteria. 
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